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Description 



This application is a continuation-in-part of US Patent application Serial No 08/226.600 filed April 12 1994 which 
W ^i OTI ^- ' V,n " P f t0fCOpendin9US - Patent appflcation Serial No 08/1 92,223 ffled February 3. 1994 whichwas 
a co^nuationnn-part of copending U.S. Patent application Serial No. 07/734.853 filed July 23. 1991. The disclosure of 
all those applications are incorporated herein by reference. 

Field of the Invention 

' ^.Jlri^H^^ 0 " felateS * po,y,T,erization 01 olefins - More specifically, the present invention relates to the 
polymenzation of olefins using metallocene catalyst systems. Still more specifically, the present invention relates to 

weTbSSSf SySt6mS ^ Pr ° CeSSeS SUteble f0r Pr0dudn9 useful P 01 ^ h ™"9 broadenSmoSulS 
■ Background of the Invention 

One of the unique features of many metallocene catalysts is that they tend to produce polyolefins having a narrow 
™le=u*rweigmdis^ 

applications there b often a need for a polyolefin product having a broader molecular weight distribution. For example 
while narrow molecular w ei ght distribution polymers are often suitable for injection molding, and possibly for the produc- 
tion of «bers. other applications such as thermoforming. extrusion, blow molding, and the production of foams or f ilm 
often are found to perform better with polymers having a broader molecular weight distribution 

oohio^l^ 9 H 3V L bee '? S ° me Patente " hteh SU9gest tne enjoyment of a mixture of metallocenes to produce 
£Smt ^ whTl e h m ° lecularwe, 9 mdi striout'ons Examples of those patents include U.S. PatentNo. 4.530.914 
^ nrtl^ »! ^ CSe Jl W patents at ,east suSQest that a wide range of mixtures of metallocenes could be employed 

in Producing the broadened molecular weight distribution, all examples in those patents involve the employment of 
urforrtged l meta.focenes. The applicants" recent research has revealed that many unbridged metallocenerare'parScu 
PreSe 1 Ce ° hyd ™ 9e "- ^^y- so™ combinations of unbridged metallocenes while producing 
we,Sh^^ 

weight that they would not be suitable for many applications 

An object ofthe present invention is to provide a mixed metallocene catalyst system which is capable of giving broad 
wSe^n^Sr ""TTZZ V** * ^ons. including polymSons employing 

widerangeof liydrogen levels. Partcularly preferred embodiments produce polymer products having a molecufar weight 
distributon greater than 8. even more preferably greater than 30. 

Ess skssss comonomer incorporation is incorporated -* * - ^ -5- - - 

In accordance with yet another aspect of the present invention, there are provided catalyst systems capable of 
proving ethylene copolymers of broad molecular weight distribution which have high environmental stress era* resist- 
ance. 

Summary of the Invention 

In accordance with the present invention, there is provided a catalyst system suitable for preparing a polyolefin 
having a broad molecular weight distribution, i.a a MJM„ of greater than 3. from an olefin or mixture of olefins The 
invents catalyst system comprises (1) at least first and second different metallocenes characterized by the fact that 

SJSS^SST ' S 3 h'?^ m «! ta "! Cene wWch contains a ,luoren y Omup and said second metallocene is an 
unbrdged metatocene and by the fact that the first metallocene if used as the sole metallocene produces a higher 

Sn^Sl^^tf ^"f meta,,ocene ™° M P roduce if "sed as the sole metallocene under the same polym- 
erization conditions, and (2) a suitable cocatalyst for the metallocenes. 

in accordance the present invention, there is provided the method for producing a polyolefin comprising 
contacting at least one olefin under suitable polymerization conditions with the inventive catalyst system 
catalyst system* ***** °' imen *° n " po,yme,s produced by polymerizing an olefin using the inventive 

Detailed Description af tha invo^ion 

The term -bridged metallocene" as used herein refers to a metallocene in which two cyclopentadienyl-type groups 
are connected by bndging structure. Cydopentadienyi-type groups refer to organic groups containing cyclopentadieTyl 
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structure such as cyclopentadienyl, fluorenyl, indenyl, tetrahydroindenyl, benzofluorenyl, otfahydrof luorenyl and sub- 
stituted variations thereof. The bridged metallocenes employed in the present invention are f luorenyl-containing metal- 
locenes. Unless specifically noted elsewhere, the bonding of the fluorenyl to the bridge is through the 9 position on the 
fluorenyl. Such fluorenyl-containing metallocenes include compounds of the formula (ZJ-RHZ-JMeQ* wherein FT is an 

5 organo group finking Z and Z\ Z is a substituted or unsubstituted fluorenyl radical, Z is a substituted or unsubstituted 
fluorenyl radical, a substituted or unsubstituted indenyl radical, a substituted or unsubstituted cyclopentadienyl radical 
a tetrahydroindenyl radical, or an octahydrof luorenyl radical. The substituents on Z and Z can be selected from generally 
any substituents which do not preclude the metallocene from having the desired activity. Me is a transition metal selected 
from the elements of Groups IVB. VB. or VIB of the Periodic Table. Each Q can be the same or different and can be 

io selected from a monovalent group consisting of hydrogen, halogen, a hydrocarbyl group having 1 to 20 carbon atoms 
an alkoxy group having 1 to 20 atoms, an amino group which may or may not be substituted with up to two hydrocarbyl 
groups having 1 to 20 carbons, a phosphorus-containing hydrocarbyl group having 1 to 20 carbon atoms, and a silicon- 
containing hydrocarbyl group having 1 to 20 carbons, and an aluminium-containing hydrocarbyl group having 1 to 20 
carbon atoms. In the more preferred embodiments both Z and Z are bound to Me. This is often referred to as sandwich 

is bonding. 

Some examples of bridging groups include hydrocarbyl alkylene radicals, divalent dihydrocarbyl germanium radicals 
divalent dihydrocarbyl silyl radicals, divalent hydrocarbyl phosphine radicals, divalent hydrocarbyl amine radicals, and 
divalent dihydrocarbyl tin radicals. Still more examples are provided in U.S. Patent No. 5.087,677 column 5 lines 10-45 
Still others are disclosed in US. Patent No. 4,975.403 column 4. lines 15-26 and U.S. Patent No. 5 132 381 column 2 
20 lines 41 -65. 

A number of examples of such bridged f luorenyl-containing metallocenes and methods for preparing them are dis- 
closed in published European Application No. 524.624. Some specific examples of sandwich bonded bridged fluorenyl- 
containing metallocenes in which Me is zirconium and each Q is chloride include: 

25 1) HfluorenyQ-1 -(cyclopentadienyl) methane zirconium dichloride, 

2) 1-(fIuorenyI)-1 -(indenyl) methane zirconium dichloride, 

3) H2.7-di-t-butylfluorenyl)-l.l-(dimethyl)-1-(cyclopentadienyl) methane zirconium dichloride. 

4) H2.7^i-bromofluorenyl)-1,1-(dimethyl)-1-(cyclopentadienyl) methane zirconium dichloride. 

5) H27Kii-methylfIuorenyl)-1.1-{dimethyl)-1-(cyclopentadienyO methane zirconium dichloride. 
so 6) H2,7-di-phenylfluorenyl)-1,1-(dimethyl)-1-(cyclopentadieny0 methane zirconium dichloride. 

7) 1 -{2,7-diphenyff luorenyl)-1 , 1 -(diphenyl)-l -(cyclopentadienyl) methane zirconium dichloride. 

8) 5-(fluoreny0-5-(cyclopentadienyl)-1-hexene zirconium dichloride. 

9) H2J^i-t-butylfluorenyl)-1.l-(diphenyl)-1-(cyclopentadienyl) methane zirconium dichloride, 

10) 1 -(fluorenyl)-l -(cyclopentadienyl) -1 -(n-butyl)-l -(methyl) methane zirconium dichloride. 

35 1 1) 1-(2,7-dichlorofluorenyl)-1,1-(diphenyl)-1-(cyclopentadienyr) methane zirconium dichloride, 

12) 1-(fluorenyl)-1 -(cyclopentadienyl) cyclopentane zirconium dichloride. 

13) 1-(fluorenyl)-1-(cyclopentadienyl)-1-(3-cyclohexeny0 methane zirconium dichloride, 

1 4) 1 -(fluorenylH -(2-allylcyclopentadieny0-1 ,1 -(dimethyl) methane zirconium dichloride, 

15) 1-(2,7-di-methylvinylftuo^ methane zirconium dichloride, 
40 1 6) 1 -(f luorenyl)-1 -(2-trimethylsilylcyclopentadienyl)-1 , 1 -(dimethyl) methane zirconium dichloride. 

17) 1-(f luorenyl)- l-fcyclopentadienyO-l-^a/a-methoxyphenyl) methane zirconium dichloride, 

1 8) bis(1 -methyrfluorenyl) methane zirconium dichloride, 

19) 1-(fluorenyl)-1-(cyclopentadieny0-1-(phenyl)methane zirconium dichloride. 

20) 7-(f luorenyl)-2-(cyclopentadienyl)-(adamantyl) zirconium dichloride. 

45 21) 1-(2.7<ji-mesitylfluorenyl)-i-(cyclopentadienyl)-1.1 -(dimethyl) methane zirconium dichloride. 

22) 1-(2-phenylfluoreny0-1,1-(dimethyl)-1-(cyclopentadienyl) methane zirconium dichloride. 

23) lK2,7-dimethcoyfluaenyO-l.l-(diphenyl)-l-(cyclopentadienyl) methane zirconium dichloride, 

24) 1 -(2. 7-dimesitylfluorenyl)-1 -(cyclopentadienyl) cyclopentane zirconium dichloride. 

25) 1 -(2.7<JiphenyH luorenyQ-1 -(cyciopentadienyl)-l -(phenyl) methane zirconium dichloride. 
so 26) 1 -(3,4-dimethylf luorenyl)-1 -(cyclopentadienyl) -1 -(phenyl) methane zirconium dichloride, 

27) 1 -(f luorenyl)-2-(indenyl) ethane zirconium dichloride. also known as 1 -(f luorenyl)-2-(indenyl) ethylene zirconium 
dichloride, 

28) 1-(4-methylfluorenyl)-2-(1 -methyrfluorenyl) ethane zirconium dichloride. 

29) 1 -{f luorenyl)-2-(cyclopentadienyl) ethane zirconium dichloride, 
55 30) 1 -(f luorenyl)-3-(cyclopentadienyl) propane zirconium dichloride, 

31) 1-(f luorenyl)- l-(cyclopentadienyr)-1,1-(diphenyl) germanyl zirconium dichloride. 

32) 1 -{f luorenyl)-1 -(cyclopentadienyl)- 1 , 1 -(dimethyl) silylene zirconium dichloride. 

33) 1 , 1 -bis(f luorenyl)-1 . 1 -(dimethyl) silylene zirconium dichloride, also sometimes referred to as bis(f luorenyl) dime- 
thyl silyl zirconium dichloride or bisffluorenyl) (dimethyl) silane zirconium dichloride. 
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34) HfluorenylJ-l-fcydopentadienyQ-HmethyO aluminium zirconium dichloride, 

35) bis(1 -methytf luorenyO-(dimethyl) tin zirconium dichloride, 

36) bis(lHTiethyHluorenyl)-<diphenyl) tin zirconium dichloride, 

37) bis(1 ^ethytf Iuoreriyl)-(dimethyO silylene zirconium dichloride, 
5 38) 1 ,2-di(3,4-benzcf luorenyl) ethane zirconium dichloride. and 

39) H3.4-benzof!uoreny0-1-{cyclopentadienyl)-1 ^-(dimethyl) methane zirconium dichloride. 

Other examples of bridged f luorenyl-containing metailocenes include those disclosed in published European Appli- 
cation No. 574,258, the disclosure of which is incorporated herein by reference. Still other bridged fluorenyf-containing 

10 metailocenes include the f luorenyl-containing metailocenes of formula la of published Canadian Patent Application No. 
2,069,602, and those disclosed in U.S. Patent No. 5,281 ,679. the disclosures of which are incorporated herein by ref- 
erence. Still other examples include compounds similar to those of the formulas disclosed in US. Patent No. 5,324,800, 
column 4, lines 23-25, wherein the metailocenes differ in that at least one (CsR'm) is a f luorenyl-containing radical. The 
term "bridged metallocene" also includes metallocene-containing polymers produced from a bridged fluorenyf-containing 

15 metallocene having polymerizable unsaturation using a procedure of the type disclosed in EPC published application 
No. 586,167, the disclosure of which is incorporated herein by reference. One particularly preferred metallocene-con- 
taining polymer is the polymer produced by prepolymerizing 5-0luorenyl)-5-(cyclopentadienyf)-1-hexene zirconium 
dichloride with ethylene. It is also within the scope of the invention to use a catalyst system comprising a metallocene- 
containing polymer produced by copolymerizing a bridged fluorenyl-containing metallocene having polymerizable 

20 unsaturation with an unbridged metallocene having polymerizable unsaturation in the presence or absence of further 
comonomers such as ethylene. 

The term "unbridged metallocene" as used herein refers to those metailocenes which do not have two cyclopenta- 
dienyl-type radicals connected to each other by a bridging structure. The association of two cydopentadienyl radicals 
by the transition metal of the metallocene is not viewed herein as a bridging structure. Various techniques have been 

25 developed for producing such metailocenes. Examples are disclosed in the aforementioned U.S. Patent No. 5,324,800, 
U.S. Patent No. 5.281,679, and in EPC Application No. 524,624, the disclosures of which are incorporated herein by 
reference. 

Some specific examples of what is meant by unbridged zirconium halide metailocenes include 

30 1) (fluorenyO(cyclopentadienyl) zirconium dichloride. 

2) bis(n-butyl cydopentadienyl) zirconium dichloride, 

3) (9-methylfluorenyl) (cydopentadienyl) zirconium dichloride, 

4) (1-prop-2-enyl indenyl) (cydopentadienyl) zirconium dichloride, 

5) (indenyl)(pentamethy1cyciopentadienyf) zirconium dichloride, 
35 6) (f luorenyl)(cydopentadienyl) zirconium dichloride, 

7) (fluorenyl)(pentamethylcydopentadenyl) zirconium dichloride, 

8) bis(t-butylcyclopentadienyl) zirconium dichloride. 

9) bisflso-pentylcyclopentadienyf) zirconium dichloride, 

10) bis(isopropyicydopentadieny1) zirconium dichloride, 
40 11) bis(3,4-benzofluorenyl) zirconium dichloride, 

12) (3.4-benzcfIuorenyI)(cydopentadienyO zirconium dichloride, 

13) (2,3:6,7-dibenzofluorenyl)(cydopentadienyO zirconium dichloride, 

14) (2,7-dimethylfluorenyl)(pentametriylcycloperrtadienyl) zirconium dichloride, 

15) (2,7-di-t-butylfluorenyl)(pente^ zirconium dichloride. 
45 16) bis(1 -methylfluorenyl) zirconium dichloride, 

17) bis(methylcyclopentadienyl)(2.7-dimethyffluorenyl) zirconium chloride. 

18) (9-phenylfluorenyl)(cyclopentadienyl) zirconium dichloride, 

19) (9-cydohexylfluorenyl)(cycIopentadienyl) zirconium dichloride, 

20) (9-isopropylf luorenyl)(cyc!opentadienyl) zirconium dichloride, 
so 21 ) bis(9-prop-2-enyl f luorenyl) zirconium dichloride, 

22) (9-(3-cycIopent-1-enyl) fIuorenyl)(cyclopentadienyl) zirconium dichloride, 

23) bis(1-but-3-enylindenyl) zirconium dichloride. 

24) bis(9-hex-5-enyffIuoreny!) zirconium dichloride, and 

25) (9-tert-butyIfluorenyl)(cyclopentadienyl) zirconium dichloride. 

55 

Some currently preferred particular combinations of bridged and unbridged metailocenes indude 

1 ) (9-methyIf IuorenyO(cyclopentadienyO zirconium dichloride plus bis(9-f luorenyl) dimethyl silyl zirconium dichloride, 

2) bis(n-butylcydopentadienyl) zirconium dichloride plus 1 ,2-bis(9-f luorenyl) ethane zirconium dichloride. 
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3) bis(n-butylcydopentadienyl) zirconium cfichloride plus bis(9-f luorenyl) dimethyl silyl zirconium dichloride. 

4) (cyclopentadienyO(f luorenyl) zirconium dichloride plus bis(9-f luorenyl) dimethyl silyl zirconium dichloride. 

5) (cydopentadienyO(fluorenyO zirconium cfichloride plus 1 -(cydopentadienyl)- 1-(9-f luorenyl) methane zirconium 
dichloride, 

6) (cydopentadienyO(fIuorenyO zirconium dichloride plus 1-(indeny!)-2-(9-f luorenyl) ethane zirconium dichloride, 

7) (9-methylf luorenyl) (cydopentadienyl) zirconium cfichloride plus 1 -(cydopentadienyl)-l -(9-f luorenyl) methane zir- 
conium dichloride, 

8) (9-methyIfluorenyO(cyclopentadienyl) zirconium dichloride plus 1 -(2,7-diphenytf luorenyl)- 1-(cydopentadienyl)- 
1 ,1-diphenylmethane zirconium dichloride, 

9) (cycloperrtadienyl)(fluorenyl) zirconium dichloride plus 1-(2.7<iiphenylf luorenyl) -1 -(cydopentadienyl)- 1,1 -(diphe- 
nyO(methane) zirconium dichloride, 

10) (9-methyffluorenyl)(cydopertfactienyl) zirconium dichloride plus bis(9-ffuorenyl)(diphenyl) silyl zirconium dichlo- 
ride, 

11) bis(n-butylcyclopentadienyl) zirconium dichloride plus 1 -(indenyl)-2-(9-f luorenyl) ethane zirconium dichloride, 
and 

12) (cydopentadienyl)(f luorenyl) zirconium dichloride plus 1-(indenyl)-2-(9-f luorenyl) ethane zirconium dichloride. 

The molar ratio of the unbridged metallocene to the bridged metallocene can vary over a wide range depending 
upon the particular results desired and the particular polymerization conditions under which they will be employed. 
Typically, the molar ratio of the bridged fluorenyl-containing metallocene to the unbridged metallocene will be in the 
range of from about 1000/1 to about 1/1000 or more typically 99/1 to 1/99. Typically the molar ratio of the bridged and 
unbridged metallocenes is determiend by considering the relative activities of the catalysts and determining the extent 
of contribution desired to be provided by each metallocene. In a particularly preferred embodiment, bridged and 
unbridged metallocenes are selected which produce a broader molecular weight distribution than either would produce 
under the same polymerization conditions if employed in the absence of the other metallocene. Still further, in another 
preferred embodiment bridged and unbridged metallocenes are selected which have the capability of producing signif- 
icantly different weight average molecular weights so that when the two are used together, there will be a clear bimodal 
molecular weight distribution. 

The resulting combination of the bridged fluorenyl<ontaining metallocene and the unbridged metallocene can be 
used in combination with a suitable cocatalyst of the polymerization of olef inic monomers. 

Examples of suitable cocatalysts indude generally any of those organometallic cocatalysts which have in the past 
been employed in conjunction with transition metal containing olefin polymerization catalysts. Some typical examples 
include organometallic compounds of metals of Groups IA, IIA. and NIB of the Periodic Table. Examples of such com- 
pounds have included organometallic halide compounds, organometallic hydrides and even metal hydrides. Some spe- 
cific examples include triethylaluminum, triisobutylaluminum, diethylaluminum chloride, diethylaluminum hydride, and 
the like. Other examples of known cocatalysts include the use of a stable non-coordinating counter anion techniques 
such asdisclosed in U.S. Patents, 155,080, e.g. using triphenyl carbenium tetrakis (pentafluorophenyl) boronate. Another 
example would be the use a mixture of trimethylaluminum and dimethylfluoroaluminum such as disclosed by Zambelli 
et, Macrgmplecules, 22, 2186 (1989). In such processes the metallocene or the cocatalyst can be employed on a solid 
insoluble support. 

The currently most preferred cocatalyst is an aluminoxane. Such compounds include those compounds having 
repeating units of the formula 

R 



-e-Ai-o*, 



where R is an alkyl group generally having 1 to 5 carbon atoms. 

Aluminoxanes. also sometimes referred to as pdy(hydrocarbyl aluminum oxides) are well known in the art and are 
generally prepared by reacting an hydrocarbylaluminum compound with water. Such a preparation techniques are dis- 
closed in US. 3,242,099 and 4,808.561 . the disclosures of which are incorporated herein by reference. The currently 
preferred aluminoxane cocatalysts are prepared either from trimethylaluminum or triethylaluminum and are sometimes 
referred to as poly(methyl aluminum oxide) and polyfethyl aluminum oxide), respectively. It is also within the scope of 
the invention to use an aluminoxane in combination with a trialkylaluminum, such as disdosed in U.S. Patent No. 
4,794,096, the disdosure of which is incorporated herein by reference. 
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In some cases polymerizations would be carried out in a homogeneous system in which the catalyst and cocatalyst 

S SSi ° f PfeSent inV6nti0n 10 m OUt * e P"*"*-*" in the presence of 

solid forms of the catalyst and/or cocatalyst in a slurry, gas. or solution phase polymerization. 

Generate mda^ ratio of me 

locenes would be in the range of about 1 :1 to about 100.000:1 and more preferably about 5:1 to about 15 0001 As a 

general rule, the polymerizations would be carried out in the presence of liquid diluents which do not have' an adverse 

affect uponthe catalyst system. Examples of such liquid diluents include propane, butane, isobutane, pentane. hexane. 

heptane, octane, cydohexane. methylcyclohexane. toluene, xylene, and the like. The polymerization temperature can 

vary over a wide range, temperatures typically would be in the range of about -60°C to about 300°C. more preferably in 

I™? 9 ^ 2 °° C ,0 abOUI 160 ° C Typically pressure wM be in •» range of from about 1 to about 500 
atmospneres or greater. 

The polymers produced with this invention have a wide range of uses that will be apparent to those skilled in the 
art from the physical properties of the respective polymer. 

In a particular preferred embodiment, the mixture of metallocenes is employed in combination with a solid organoa- 
luminoxane which is substantially insoluble in polymerization diluents under particle form polymerization conditions 
Such a solid aluminoxane can be prepared by contacting a solution of an organoaluminoxane with an crganoboroxine 
under ^ndrtions sufficient to produce a solid. Another technique for prepating an insoluble organoaluminoxane involves 
4990 640 3 *" 0r9anoaluminoxane water or ™ a <*ve hydrogen compound as taught in U.S. Patent 

Still another technique involves contacting an organoaluminoxane with an organic borane compound free of acidic 
hydrogen as taught in pending U.S. Patent Application Serial No. 08/080.899 filed June 22, 1993. now allowed the 
disclosure of which is incorporated hereinby reference. Yet another technique involves contacting an organoaluminoxane 
^Tm^^T^ST? h 5T n ^°" aCid functionalit y- L * "BOH. as taught in pending U.S. Patent Application 
T !L t ^ ■ ^ fBed JU ' y Ul 1993, disclosure °» wnich is incororated herein by reference. Thecurrently 
preferred technique for preparing the solid organoaluminoxy cocatalyst involves contacting an organic solution of an 
organoaluminoxane optionally containing trialkylaluminums with a suitable crganoboroxine compound as taught in 

byreS^ 

(RBO) wherein each R is the same or a different organo group free of hydroxyl (Ha) or mercapto (HS-) groups. The R 
groups could include such radicals as methyl, ethyl, isopropyl. tertiary butyl. 2-ethyl ethylene, tri-n-butyl methyl, o-tolyl. 
phenyl. o-tJ.-fluoro methyl phenyl, o-chloro-phenyl. 2,£Wimethyi phenyl. CaHs-S-CH^CfV. CH^CH-CHz-, a-naph- 
tiTyl. p-naphthyl. and the like. The R groups could also be R'O-. R'S-. R 2 'N-. R 2 'P-, and R 3 'SI- wherein each R' is a 
hydrocarbyl group. Generally each R group contains about 1 to about 25 carbon atoms, more typically 1 to 10 carbon 
atoms. Especially preferred are the hydrocarbyl boroxines and the hydrocarbyl oxy boroxines. Examples of hydrocarbyl 
boroxines include tnmethyl boroxine. trierhyl boroxine. tri-n-propyl boroxine. tributyl boroxine. tricyclohexyl boroxine 
tiiphenyl boroxine. methyl diethyl boroxine. dimethylethyl boroxine. and the like. The currently preferred hydrocarbyl 
^ r0X1 i n » D a ^^ ,e !! yl b ° radne and ,ri6thyl bor0jdne ™» term hydrocarbyloxy boroxine refers to compounds of the 
formute ((R 0)BO) wherein each R' can be the same or different hydrocarbyl group, generally containing about 1 to about 
10 carbon atoms. Trialkyloxy boroxines are currently preferred. Trimethoxy boroxine is an example 

The reaction of the boroxine with the aluminoxane can be carried out in any suitable manner. One particularly 
desirable technique simply involves contacting the two reactants in a suitable liquid diluent. One preferred technique 
involves contacting a hydrocarbon solution of the aluminoxane with a hydrocarbon solution of the boroxine. Another 
technique involves contacting a hydrocarbon solution of the aluminoxane with a countersofvent to produce a slurry com- 
prising soluble aluminoxane and insoluble particulate aluminoxane and then contacting the resulting slurry with a solution 
o the boroxine It is also within the scope of the present invention to carry out the reaction of the boroxine and the 
alumincKaneinthepresenceofaparticulate diluent so that the insoluble producl becomes deposited upon the particulate 
dduent Typwal particulate diluents would include such inorganic materials as silica, alumina, aluminum phosphate, 
silica-alumina, titania. kaolin, fumed silica, and the like. 

It is also within the scope of the present invention to prepare the inventive particulate organo-aluminoxy composition 
and ttiencombine it wrth a solution of a trialkylaluminum compound, e.g. trimethylaluminum or others of the type men- 
tioned above, and then to contact the resulting slurry with additional boroxine of the type described above It is believed 
that this process may provide a method for further increasing the molecular weight of the particulate aluminoxy compo- 
site that is initially produced by reacting the aluminoxane wrth the boroxine. Obviously, such a process could be repeated 
several times to obtain the desired level of molecular weight, particle size, bulk density, or other characteristic that is 
desired for a particular application. 

The amount of boroxine employed relative to the aluminoxane can vary over a wide range depending upon the 
particular results desired. A technique which has been used in this invention for reflecting the ratio of boroxine to alu- 
minoxane. involves the use of a calculated amount for the amount of aluminoxy aluminum in the aluminoxane solution. 
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As used herein the term calculated aluminum is the value obtained by using a vacuum to strip the solvent off a known 
volume of the aluminoxane solution; weighing the recovered solid; and dividing the weight of the solid per milliter by the 
average molecular weight of the aluminoxy units, 

-f-O-Al-)- 

I . 
R 



i.e. 58 for methylaluminoxane, so that one obtains a calculated value for the number of moles of aluminum per volume 
of the aluminoxane solution that is to be reacted with the boroxine. It is theorized that a substantial portion of any free 
trihydrocarbyl aluminum in the aluminoxane solution is removed when the solvent is stripped off. Any trihydrocarbyl 
aluminum that is present in the solid recovered alter the vacuum stripping, is not considered to have a significant effect 
upon the calculated aluminum value. Using this method, the atomic ratio of the boron in the boroxine to calculated Al in 
the aluminoxy units of the aluminoxane employed will be in the range of about 1/20 to about 1/3. more preferably about 
1/15 to about 1/5. still more preferably about 1/7. As noted above, the commercial aluminoxane solutions generally 
contain at least some trihydrocarbyl aluminum, in addition to aluminoxy units. Generally, the trihydrocarbyl aluminum 
accounts for about about 0. 1 to about 35 weight percent of the aluminum in the solution. It is generally preferred for the 
boroxine to be employed in such an amount that the molar ratio of the boroxine to the trihydrocarbyl aluminum be at 
least about 0.3334/1. 

The mixed metallocene catalyst systems of this invention are particularly useful for the polymerization of mono- 
unsaturated aliphatic alpha-olefins having 2 to 10 carbon atoms. Examples of such olefins include ethylene, propylene. 
butene-1. pentene-1, 3-methylbutene-1, hexene-1, 4-methylpentene-1 . 3-ethylbutene-1. heptene-1. octene-1, decene- 
1, 4,4-dimethyl-1 -pentene, 4,4-diethyM-hexene. 3-4<limethyl-1 -hexene. and the like and mixtures thereof. The catalyst 
systems are particularly useful for preparing copolymers of ethylene or propylene and generally a minor amount, i.e. 
about 20 mole percent or less, more commonly about 15 mole percent or less, still more typically less than about 10 
mole percent, of the higher molecular weight olefin. 

The polymerizations can be earned out under a wide range of conditions depending upon the particular metallocene 
employed, and the results desired. Examples of typical conditions under which the metallocenes can be used in the 
polymerization of olefins include conditions such as disclosed in U.S. Patents 3.242.099; 4.892,851 ; and 4.530.91 4; the 
disclosures of which are incorporated herein by reference. It is considered that generally any of the polymerization 
procedures used in the prior art with any transition metal based catalyst systems can be employed with the present 
fluorenyl-containing metallocenes. 

A further understanding of the present invention and its objects and advantages will be provided by a review of the 
following specific example. 

Various characteristics of the polymer and the polymerization were characterized. Examples of characteristics deter- 
miertd in various cases include density in grams/mL (ASTM D1505-68); High Load Melt Index in grams of polymer/10 
minutes 1 90°C (ASTM 01 238. Condition E); Melt Index in grams of polymer/10 minutes 190°C (ASTM D 1238, Condition 
E); molecular weights by size exclusion chromatography, i.e. weight averge molecular weight referred to herein as 
and number average molecular weight referred to herein as M n ; heterogenity index determined by dividing M„ by M n . 
The (SEC) size exclusion chromatography was conducted using a linear column capable of resolving the wide range of 
molecular weights generally observed in polyolefins. such as polyethylene. 

Example I 

Preparation and Evaluation of Supported Unbridoed Metallocene 

Bis(n-butylcyclopentadienyOzirconium dichloride supported on precipitated solid organ oaluminoxane was employed 
in the polymerizations below. 

Methylaluminoxane (MAO) obtained from Schering as a 1 0 weight percent MAO solution in toluene was precipitated 
by slurrying 7.2 pounds of the MAO solution with 6 gallons of hexane at room temperature. After stirring for one hour. 
300 mL of a toluene solution containing 32 grams of [(MeO)BOb was added dropwise to the slurry over a one hour 
period with stirring. The thus produced organoaluminoxy solids were then filtered and dried. The process was repeated 
three times and the produced solids were combined. 

Bis(n-butylcyclopentadienyl)zirconium dichloride, was prepared by reacting 3 g (24.6 mmol) n-butylcyclopentadiene 
dissolved in diethylether and 1 5.4 mL (24.6) n-butyllithium dissolved in hexane at 0°C with stirring for 3 hours. Then 2.86 
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g (1 2.3 mmd) ZrCU was added in portions over a 20 minute period with vigorous stirring. The resulting slurry was stirred 
at room temperature for 2 hours and then the ether was removed under vacuum. The residue was extracted with two 
100 mL hexane portions and then filtered. The resulting brown solution was cooled to 10°C. After standing overnight 
the colorless precipitated metaJlocene was collected and dried under vacuum. 
5 Then 60 g (1 .03 mol es) of the boroxine precipitated MAO and a 1 00 mL hexane solution containing 0.835 g (0.00207 

moles) b'rs(n-BuCp)ZrCI 2 were slurried in 500 mL hexane for three hours at room temperature. The thus produced solid 
organoaluminoxy supported metallocene was filtered and dried. Another batch produced using the same reactants and 
ratios in a similar manner was combined with the solids and the combined solids were employed as the catalyst system 
in the polymerizations below. 

10 The resulting u abridged metallocene/solid organoaluminoxy catalyst system was then evaluated for the homopol- 
ymerization of ethylene. The polymerization was conducted in a 1 -gallon stirred autoclave reactor. Approximately 0.0431 
gm of the metallocene/solid aluminoxy catalyst system was combined with 2 liters of isobutane in the reactor under a 
counter! low of ethylene at ambient temperature. The reactor was also charged with a known amount of hydrogen deter- 
mined by a 20 psi pressure drop from a 300 cc pressure vessel. The reactor was brought to a polymerization temperature 

15 of about 80°C and maintained at that temperature for about 30 minutes. The total reactor pressure was about 450 psig. 
Then the reactor was vented and isobutane was removed and the polymer was collected as a dry fluff. This polymerization 
provided a productivity of 6,719 gm of polymer per gram of metallocene/solid aluminoxy catalyst system/hour. The pol- 
ymer had a melt index of 2.5 and a shear response, i.e. HLMl/MI, of 36.5. The molecular weight distribution was evaluated 
using size exclusion chromatography. This indicated that the weight average molecular weight was 79,630, the number 

20 average molecular weight was 10,220, and the heterogenity index was 7.8. The molecular weight distribution showed 
only one main peak. The heterogenity index was consistent with the relatively narrow molecular weight distribution often 
seen for unbridged metailocenes. 

A similar polymerization was carried out using the unbridged metallocene/solid aluminoxy catalyst system. In this 
case, the amount of catalyst system employed was 0.0379 gm. The hydrogen addition was lower, i.e., a 6.4 psig pressure 

25 drop from the 300 cc pressure vessel. The temperature reaction was 90°C. In this case, the polymerization was carried 
out for about one hour. Otherwise the polymerization conditions were as described in the preceding paragraph. After 
the polymerization had been carried out for one hour, the isobutane diluent was removed and the solid polymer recovered 
and evaluated. The productivity of this polymerization was 3,720 gm of polymer per gram of unbridged metallocene/solid 
aluminoxy catalyst system/per hour. The melt index of the polymer was 2.46 and the shear response was 24.4. The 

30 weight average molecular weight was 83,21 0 and the heterogenity index was 4.3. Again, this molecular weight distribution 
showed only a single peak and was somewhat narrower than that of the preceding polymerization. 

Example II 

35 Preparation and Evaluation of Bridged Catalyst Solution 

The bridged metallocene 1 ,2-bis(9-f luorenyl) ethane zirconium dichloride was prepared using a procedure of the 
type generally disclosed in published European Patent Application No. 524,624. A solution of this bridged metallocene 
was then prepared by combining 43 mg of the bridged fluorenyl-containing metallocene with 49 mL of a 10 wt. percent 
40 methylaluminoxane toluene solution obtained from Ethyl Corporation to result in a bridged metallocene/methylaJuminox- 
ane catalyst solution. 

The resulting bridged metallocene/methylaluminoxy catalyst solution was then evaluated for the homopolymerization 
of ethylene. The conditions employed were analogous to those set forth in Example I. Specifically, 2 liters of isobutane 
was used as the diluent 1 0 psi of hydrogen was employed as determined by a pressure drop from a 300 cc vessel. The 
45 polymerization was conducted using 2 mL of the catalyst solution and a total pressure of 450 psig. The polymerization 
was begun at about 90°C and was terminated after about one hour. The total polymer recovered was 102 gm. The 
polymer had a melt index of zero and a high load melt index of 1 . 1 . This illustrates that the bridged metallocene produced 
a much higher molecular weight material than the unbridged metallocene employed in Example I. 

so Example III 

gridged/Upbritiged Catalyst System 

In this experiment, a polymerization was conducted using a mixture of the catalyst system of Example I and the 
55 catalyst system of Example II. The polymerization involved the homopolymerization of ethylene. The addition of hydrogen 
in this case was 25 psig from a 300 cc vessel. The polymerization temperature was about 90°C. The amount of the 
unbridged catalyst system of Example I employed was 0.0392 gm. About 2 mL of the catalyst system of Example II was 
diluted with 18 mL of toluene and then 2 mL of this diluted catalyst system was combined with the unbridged catalyst 
system. The resulting polymer was recovered and evaluated as previously described for the other examples. The polymer 
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had a melt index of 4.46. The shear response was 46.4. The molecular weight distribution illustrated a clear multi-modal 
distribution, i.e. these were two distinct peaks. The weight average molecular weight was 264,000 and the heterogenity 
index was 21. This molecular weight distribution dearly illustrates that both the bridged and unbridged metailocenes 
contributed to the polymer product. It further shows that the bridged metailocene certainly introduced a higher molecular 
5 weight component to the end product polymer. 

Example IV 

Polymerization with Unbridaed Metailocene 

10 

A series of copolymerizations were carried out using the unbridged metailocene (9-methytfluorenyl)(cydopentadi- 
enyO zirconium dichloride. This metailocene can be prepared as disclosed in the aforementioned copending patent 
application Serial No. 08/226,600. The unbridged metailocene was employed in conjunction with a solid organoaJuminoxy 
product produced by reacting methoxyboroxine with a toluene solution of methyl aluminoxane. 

is The solid organoaluminoxy cocatalyst was prepared by charging 6 gallons of hexane to a 1 0 gallon stirred reaction 
vessel. Then 7.3 pounds of an Ethyl Corporation 10 weight percent toluene solution of MAO was charged. The mixture 
was then stirred for about 1 hour. A toluene solution of methoxyboroxine was prepared by combining 48.7 gm of meth- 
oxyboroxine with 300 mL of toluene. This solution was slowly charged to the stirred reaction vessel over a 1 hour period. 
The mixture was then stirred for about 6 hours. Then the stirrer was stopped and the liquid was decanted. The resulting 

20 solid was then mixed with 2 gallons of hexane and washed. The solids were collected on a f flter and dried in vacuo. 

Then four polymerization reactions were conducted which involved the copolymerization of ethylene with hexene in 
a stirred 1 gallon autoclave at 90°C for about 1 hour. In each case, a known quantity of the solid boroxine precipitated 
methylaluminoxane was charged to the autoclave followed by the addition of 1 mg of the unbridged metallocenein toluene. 
Then 2 liters of isobutane was charged. A known amount of hydrogen corresponding to a 1 15 psi pressure drop from a 

25 30 cc vessel was added. Then the polymerization vessel was pressurized with 450 psig of ethylene and 30 gm of 1- 
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hexene was added. The results are summarized in Table I. 
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The column referring to activity refers to the grams of polyethylene produced per gram of total catalyst system per 
55 hour including both the metal locerte and the solid boroxine precipitated methylaluminoxane. 

The results demonstrate that the unbridged metallocene produced polymer having a relatively narrow molecular 
weight distribution, i.e. an Hi in the rang of 4.7 to 8.9. The molecular weight distributions consisted of only one main 
discernable narrow peak. The high density of the polymer obtained indicates that the unbridged metallocene was not 
particularly effective at incorporating the comonomer. 
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Example V 

Bridge Supported Catalyst Sretem 

5 The metal locene employed in this catalyst preparation was bis(94luorenyl)(dimethyl)silyl zirconium dichloride. The 

catalyst preparation involved charging 800 mL hexane containing 30 grams of fumed silica having the tradename Cab- 
OSil L-90 to the reactor vessel, flushing the reactor vessel with nitrogen and then charging the reactor vessel with 6 
gallons of hexane. Then 7.2 lb of a 10 weight percent methylaluminoxane toluene solution obtained from Ethyl Corpo- 
ration was charged to the reactor. The mixture was allowed to stir for 1 hour. A toluene solution of methoxyboroxine was 

10 prepared by dissolving 47.5 gm of the boroxin e in 300 mL of toluene. This trimethoxyboroxine solution was then charged 
to the reactor vessel. The resulting slurry was stirred for 3 hours. The resulting solids were transferred to 5 gallon carboxy 
and the liquid was decanted. The solids were then washed several times with 3 gallon quantities of hexane. The solids 
were added to the clean reactor. Then 0.5 gallons of hexane were added. A slurry of the bridged metallocene was 
prepared by combining finely ground bis(fluorenyl) (dimethyljsilyl zirconium dichloride with 300 mL of hexanes. This 

is resulting slurry was then charged to the reaction vessel. The mixture was stirred for 4 hours and allowed to stand for 76 
hours. The reactor vessel was cooled to 10°C and then ethylene was charged to the reactor to raise the pressure of the 
reactor to about 40 psi and the resulting mixture was stirred for about 1 hour. The resulting prepolymerized solid catalyst 
was then recovered, filtered and subjected to drying using a vacuum. The resulting solid is considered to be about 25 
wt. % ethylene prepolymer. 

20 

Example VI 

Evaluation of Bridged Supported Catalyst Systems 

25 A series of polymerizations were carried out using the solid prepolymerized bridged catalyst system prepared in 
Example V. In some of the polymerizations, the solid bridged catalyst system was used in the absence of any unbridged 
metallocene and in other runs, a combination of the unbridged metallocene of Example IV was also used. The polym- 
erizations were carried out in the same manner as described in Example IV. The variables involved and a summary of 

30 



35 



40 



45 



SO 



11 



EP 0 705 851 A2 



the results are provided in Table II. 
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Runs 5-6 illustrate that the solid prepol ymerized bridged catalyst system produced a higher mo! ecular weight product 
than that produced by the unbridged catalyst system of Example IV. Further, the results indicate that the solid bridged 
catalyst system was much more effective in incorporating the hexene than was the unbridged catalyst system as reflected 
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by the densities of about 0.92. The molecular weight distributions were broader than that of the polymers produced using 
the unbridged catalyst system of Example IV, viz. Hi's in the range of 23 to 29. The major peak in the molecular weight 
distribution was located in the high molecular weight end and there was evidence of two slightly smaller peaks at the 
low molecular weight end of the molecular weight distribution with the smallest peak being at the lowest molecular weight 
5 end of the distribution. 

The activities reported in Table II are based upon the total weight of the catalyst system less the prepolymer on the 
solid unbridged portion of the catalyst system. The polymers made using the mixed catalyst system had a much broader 
molecular weight distribution than those produced using only the bridged catalyst system, i.e. Hi's in the range of 50 to 73. 

The polymers produced in Runs 8-13 exhibited a multi-modal molecular weight distribution with two discernabie 
io peaks, with the larger peak being in the low molecular weight end. The densities of the polymers produced using the 
mixed catalyst were significantly lower than those using only the unbridged catalyst, which indicates that there was 
comonomer incorporation. In view of the low cocatalyst incorporation efficiency of the unbridged component, it follows 
that the majority of the monomer incorporation has occurred in the higher molecular weight portion of the polymer 
product 

15 Runs 14-16 were carried out using higher levels of hydrogen than the previous runs, specifically Runs 14 and 16 
used approximately twice as much hydrogen and Run 15 used approximately three times as much hydrogen. In addition, 
in those runs more of the bridged solid metallocene was employed in the catalyst system. The polymers produced in 
Runs 14-16 each have somewhat broader molecular weight distribution than the polymers produced in Runs 8-13. In 
addition, the molecular weight was distributed in a bimodal fashion with the most intense peak in the high molecular 

20 weight end. The polymers produced from Runs 14-16 were evaluated for environmental stress crack resistance [Con- 
dition B (10% Igepal)]. All three polymers had a ESCR value in excess of 1000 hours. This clearly demonstrates that 
the inventive polymers have particularly good environmental stress crack resistance. This data further indicates that the 
mixed metallocene catalyst system is capable of producing resins suitable for blow molding, pipe, and high molecular 
weight film applications. 

25 

Example VII 

A series of polymerizations were conducted to compare the effects of a mixed catalyst system prepared from the 
unbridged metallocene bis(n-butyicyclopentadienyl) zirconium dichloride and the bridged metailocenes bis(fluore- 
30 nyl)(dimethyT)silyl zirconium dichloride and bis(fluorenyi) (diphenyQsilyl zirconium dichloride. 

The unbridged metallocene was employed as a hexane solution containing 0.2 mg of bis(n-butylcyclopentadienyl) 
zirconium dichloride per milliliter. In the control runs using only the unbridged metallocene, the metallocene was 
employed in combination with a solid organoaluminoxy product produced by precipitating methylaluminoxane with meth- 
oxyboraxine. 

35 The bridged catalysts were employed in the form of a product produced by supporting the metallocene on the same 
solid aluminoxy product that is used as a cocatalyst for the unbridged metallocene control runs. 

The solid organoaluminoxy cocatalyst was prepared by adding 6 gallons of hexane to a 10 gallon glass lined reactor 
and then adding 7.25 lbs. of 1 0 wt. percent toluene solution of methylaluminoxane obtained from Ethyl Corporation. This 
mixture was stirred for 1 hour and then 300 mL of a toluene solution containing 32 grams of methcxyboroxine was added 

40 over a 1 hour period with stirring. The resulting slurry was then stirred for 6 hours. The solids were allowed to settle 
overnight About 5 gallons of the liquid was decanted. Then the solids were washed with 1 gallon of hexane for 1 hour 
with stirring. And then the majority of the liquid was decanted. 

The various catalysts were evaluated for their effectiveness in the copolymerization of ethylene and hexene. The 
polymerization conditions were analogous to those described in Example IV 

45 



50 



55 



13 



EP 0 705 851 A2 

A summary of the variables involved and results obtained is provided in Table III. 
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Runs 17 and 18 were (^polymerizations carried out using the unbridged metallocene without any bridged metal - 
locene present Run 1 9 was carried out using the cocatalyst supported bridged metallocene bis(f luorenyl) (diphenyl)silyl 
zirconium dichloride. Runs 20-22 involved the use of both the supported bridged metallocene and the unbridged met- 
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allocene. Run 23 employed only the cocataiyst supported bridged metallocene bis(fluorenyl) (dimethyl)sUyt zirconium 
dichloride. Runs 24 and 25 employed the combination of the supported bis(fluorenyO(dimethyi)silyl zirconium dichloride 
and the unbridged metallocene. 

A comparison of control run 18 and control run 23 reveals that the unbridged metallocene was not as effective in 

5 incorporating the comonomer as was the bridged metallocene as reflected by the difference in the density of the polymers 
obtained. Similarly the bis(f luorenyl) diphenyl zirconium dichloride was more effective in incorporating comonomer than 
was the unbridged metallocene. 

A comparison of control run 1 9 with control run 23 reveals that the (cDphenyi)silyl zirconium dichloride metallocene 
produced a higher molecular weight polymer than the (dimethyl)silyl bridged metallocene. A comparison of runs 1 8 and 

10 20 shows that the mixed catalyst produced a polymer having a somewhat higher density than the polymer produced 
using only the unbridged catalyst It is also noted that the inventive runs 20-22 produced a polymer having a much 
broader molecular weight distribution than that of the polymer produced using only the unbridged metallocene. The 
molecular weight and density results indicate that both the unbridged and bridged metaliocenes contributed to the pro- 
duction of polymer. 

is The molecular weight distrfcution of the polymer produced in control run 19 exhibited a major peak at the high 
molecular weight end and a minor peak in the low molecular weight end of the molecular weight distribution. The minor 
peak was less than one-fourth the height of the major peak. The molecular weight distribution of the polymer produced 
in inventive run 20 exhibited one peak which demonstrated an obvious increase in the amount of low molecular weight 
polymer over that present in the polymer obtained in control run 19. The polymer produced in inventive run 21 had a 

20 molecular weight distribution exhibiting two peaks, the major peak being at the high molecular weight end and the minor 
peak being at the low molecular weight end. with the minor peak being almost half as high as the high molecular weight 
peak The polymer produced in inventive run 22 exhibited a molecular weight distribution similar to that of the polymer 
obtained in inventive run 21. However, in this case the separation of the two peaks was more discernable a greater 
separation in the molecular weights of the produced polymers. 

25 The polymers produced in runs 23-25 had molecular weight distributions appearing as mainly one peak; however, 
the polymers produced in inventive runs 24 and 25 demonstrated the contribution of the unbridged metallocene in the 
low molecular weight end of the molecular weight distribution was more noticeable than for the polymer produced by 
control run 23. 

This data demonstrates that the mixed catalyst of the present invention can be employed to produce polymers having 
30 a wide range of properties depending upon the particular ratios of the catalyst used, the amounts of comonomer used, 
and the amounts of hydrogen used. 

Claims 

35 1 . A process for producing a polyolef in having a molecular weight distribution, i.e. MJM nt greater than 3, the process 
comprising polymerizing an olefin or copolymerizing at least two olefins under suitable polymerization conditions in 
the presence of a catalyst system prepared by combining at least a first and a second metallocene characterized 
by the facts that: 

40 (i) said first metallocene is a bridged metallocene containing a f luorenyl group and said second metallocene is 

an unbridged metallocene containing or not containing a f luorenyl radical; and 

(ii) said first metallocene if used as the sole metallocene under those same polymerization conditions would 
produce a higher molecular weight than said second metallocene would produce if used as the sole metallocene 
under those same polymerization conditions. 

45 

2. The process of claim 1 , wherein said first metallocene is a f luorenyl-containing bridged metallocene of the formula 
(Z)-R'-(Z)MeQ kl wherein 

R' is an organogroup linking Z and T\ 
so - Z is a substituted or unsubstituted f luorenyl radical; 

- T is a substituted or unsubstituted fluorenyl radical, a substituted or unsubstituted indenyl radical, a substituted 
or unsubstituted cydopentadienyl radical, an octahydrofluorenyl radical, or a tetrahydroindenyl radical, said 
substitutents on Z and T being selected from hydrocarbyl or hydrocarbyloxy radicals containing 1 to 10 carbon 
atoms; 

55 - Me is a transition metal selected from Ti, Zr, and Hf; 

- each Q is selected from hydrogen, aikyl groups containing 1 to 1 0 carbon atoms, alkoxy groups containing 1 to 
10 carbon atoms, aryl groups containing 6 to 10 carbon atoms, aryloxy groups containing 6 to 10 carbon atoms, 
alkenyl groups containing 2 to 10 carbon atoms, arylalkyl groups containing 7 to 40 carbon atoms, aikyiaryl 
groups containing 8 to 40 carbon atoms, and halogens; 
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k is a number sufficient to fiii the valences of Me. 

3. The process of claim 1 or 2, wherein FT is a hydrocarbyi aikylene radical containing 1 to 1 0 carbon atoms or wherein 
R* is a di hydrocarbyi silylene radical in which each hydrocarbyi substituted contains 1 to 10 carbon atoms. 

5 

4. The process of any of the preceding claims, wherein said first and second metailocenes are zirconium-containing 
metallocenes, in particular wherein said first metallocene is selected from 1 ,2-bis-(f luorenyt) ethane zirconium di chlo- 
ride, bis-(fIuorenyl)ethane zirconium dichloride, bis-{fluorenyl)-dimethyl silyl zirconium dichloride, bisKfluorenyl)- 
diphenyl silyl zirconium dichloride. fluorenyl-methylene-cyclopentadienyl zirconium dichloride, and (indenyl)-ethyl- 

10 ene-(f luorenyl)zirconium dichloride, and said second metallocene is selected from cyclopentadienyi-f luorenyl zirco- 
nium dichloride, bis-(n-butyl cydopentadienyl)zirconium dichloride, indenyl pentamethyf cyclopenta-dienyl zirconium 
dichloride, 9-methyKluorenyl cyclopentadienyl zirconium dichloride, and bis-(9-methylf!uorenyt)zirconium dichloride, 
the combination of bis-(f luorenyl)ethane zirconium dichloride and bis-(n-butyl cyclopentadienyl)zirconium dichloride 
as first and second metallocene, respectively, being particularly preferred. 

15 

5. The process of any of the preceding claims, wherein said first metallocene is one having only one atom separating 
the fluorenyl group from the other cyclopentadienyl-type group of the bridged ligand of the bridged metallocene. 

6. The process of any of the preceding claims, wherein said first metallocene is one for which hydrogen produces a 
20 smaller change in polymer molecular weight than for said second metallocene under the same polymerization con- 
ditions, and wherein said polymerization is conducted in the presence of hydrogen. 

7. The process of any of the preceding claims, wherein at least one of said metallocenes is deposited upon a solid, in 
particular a solid form of alkyt aluminoxane that is substantially insoluble in the polymerization medium under polym- 

26 erization conditions. 

8. The process of any of the preceding claims, wherein said catalyst system is prepared by supporting said first met- 
allocene on a solid form of alky! aluminoxane that is substantially insoluble in the polymerization medium under the 
polymerization conditions and then combining that supported metallocene with said second metallocene, in partic- 

30 ular wherein said solid form of alkyl aluminoxane is prepared by contacting a solution of an organoaluminoxane with 
an organoboroxine under conditions sufficient to produce a solid suitable for use as a cocatalyst for a metallocene. 

9. The process of any of the preceding claims, wherein said second metallocene comprises a metallocene selected 
from those containing 9-acyclic alkyl fluorenyl groups, wherein the acyclic alkyl substitutents on the fluorenyl have 

35 1 to 6 carbon atoms. 

10. The process of claim 1 comprising polymerizing at least one olefin of the formula RCH = CHR in which each R can 
be the same or different and is selected from hydrogen and an alkyl radical having 1 to 14 carbon atoms, or where 
the two R's together with the atoms connecting them form a ring, said one olefin for homopolymerization preferably 

40 being ethylene. 

11. The process of any of the preceding claims, wherein the polymerization is conducted in the presence of hydrogen. 

12. The process of any of the preceding claims, wherein ethylene is copolymerized with at least one alpha-olefin con- 
45 taining 4 to 20 carbon atoms, particularly with hexene. 

13. The process of any of the preceding claims, the process being conducted under particle form polymerization con- 
ditions and in a continuous loop reactor, respectively. 

so 14. A catalyst system suitable for preparing a polyolef in having a molecular weight distribution, i.e. MJM n > greater than 
3 from an olefin or mixture of olefins comprising 

(1 ) at least a first and a second metallocene characterized by the facts that 

55 (i) said first metallocene is a bridged metallocene which contains a fluorenyl group and said second met- 

allocene is an unbridged metallocene. and 

00 said first metallocene if used as the sole metallocene produces a higher molecular weight than said 
second metallocene would produce if used as the sole metallocene under the same polymerization condi- 
tions, said first and second metallocene preferably each being a zirconium-containing metallocene, and 
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(2) a suitable cocatalyst for the metaltocenes. 

1 5. The catalyst system of daim 1 4. wherein said first metallocene is one for which hydrogen produces a smaller change 
in polymer molecular weight than for said second metallocene under the same polymerization conditions. 

1 6. The catalyst system of claim 1 4 or 1 5, wherein said catalyst system is prepared by supporting said first metallocene 
on a solid form of alkyl alurrrinoxane that is substantially insoluble in the polymerization medium under the polym- 
erization conditions and then combining that supported metallocene with said second metallocene. in particular 
wherein said solid from of alkyl aluminoxane is prepared by contacting a solution of an organoaluminaxane with an 
organoboroxine under conditions sufficient to produce a solid suitable for use as a cocatalyst for a metallocene. 

17. The catalyst system of any of claims 1 4 to 1 6. wherein said first metallocene is a f luorenyl-containing bridged met- 
allocene of the formula (Z)-R'-(r)MeQk. wherein 

R is an organogroup linking Z and Z\ 

- Z is a substituted or unsubstituted fluorenyl radical; 

- Z is a substituted or unsubstituted fluorenyl radical , a substituted or unsubstrtuted indenyl radical, a substituted 
or unsubstituted cyclopentadienyl radical, an octahydrofluorenyl, or a tetrahydroindenyi radical, said substi- 
tutents on Z and Z being selected from hydrocarbyl or hydrocarbyloxy radicals containing 1 to 1 0 carbon atoms; 
Me is a transition metal selected from Tl, Zr. and Hf ; 

- each Q is selected from hydrogen, alkyl groups containing 1 to 10 carbon atoms, alkoxy groups containing 1 to 
1 0 carbon atoms, aryl groups containing 6 to 1 0 carbon atoms, aryloxy groups containing 6 to 1 0 carbon atoms, 
alkenyi groups containing 2 to 10 carbon atoms, arylalkyl groups containing 7 to 40 carbon atoms, alkylaryl 
groups containing 8 to 40 carbon atoms, and halogens; 

- k is a number sufficient to fill the valences of Me. 

18. The catalyst system of any of claims 14 to 17, wherein said first metallocene is selected from 1,2-bis-(fluore- 
nyOethane zirconium dichloride. bis-(fluorenyl)(dimethyl)sily1 zirconium dichloride. bis-(fluoreny0(dipheny1)silyl zir- 
conium dichloride. (fluorenyl) -methyl ene(cyclopentadienyl)zirconium dichloride. and (indenyl)- 
ethylene(fluorenyl)zirconium dichloride. and said second metallocene is selected from (cyclopentadienyl)(fluore- 
nyflzirconium dichloride. bis-(n-butyl cyclopentadienyl)zirconium dichloride. (indenyl)(pentamethylcydopentadi- 
enyOzirconium dichloride. (9-methytfluorenyl)(cyciopentadienyl)zirconium dichloride, and bis-{9- 
methylf luorenyl)zirconium dichloride. 
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